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57 ABSTRACT 
High efficiency in extraction operations, such as ex 
tracting mercaptans from hydrocarbons with caustic, is 
obtained over a wide range of flow rates through a 
single extraction column by the provision of an interme 
diate product drawoff means located between a down 
stream section of extraction trays having greatest effi 
ciency at low throughputs and an upstream section of 
trays having peak efficiency at high throughputs. A 
second product stream is removed after passing through 
the low flow rate trays and is blended with the stream 
from the intermediate drawoff means. 

1 Claim, 1 Drawing Figure 
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1. 

LIQUID-LIQUID EXTRACTION APPARATUS 
FIELD OF THE INVENTION 

The invention relates to an apparatus and method for 
the countercurrent contacting of two liquid streams to 
perform a purification or separation by solvent extrac 
tion similar to those processes found in Classes 208-311 
to 208-337. The apparatus is specifically directed to a 
design for a vertical extraction column having horizon 
tal trays. The method of the invention is more particu 
larly directed to the removal of mercaptans from a 
hydrocarbon stream through the use of an aqueous 
alkaline solution which passes through an oxidation 
zone wherein the mercaptans are converted to disul 
fides. The process of the invention also relates to a 
method of separating aromatic and nonaromatic hydro 
carbons. 

PRIOR ART 

Liquid-liquid extraction is well established as a com 
mercial method of separating hydrocarbons. It is often 
used when distillation is more expensive or impractical. 
A very extensive review of the art is contained in a 
number of articles published at pages 49-104 of Chemi 
cal Engineering Progress, (Vol. 62, No. 9) Sept., 1966. 
Instruction in the design of extraction processes and the 
selection of suitable equipment is provided in standard 
reference materials such as The Chemical Engineers' 
Handbook, 4th Ed., McGraw-Hill Publishing Co. and 
Treybal, Mass Transfer Operations, 2nd Ed., McGraw 
Hill Publishing Co. These latter references recognize 
the importance of using the proper perforation diameter 
and liquid velocity through each perforation. 

Heretofore, extraction columns have been either de 
signed to operate at a specific feed stream flow rate or 
provided with a mechanical means capable of adjusting 
the available cross-sectional area of the perforations in 
the extraction tray so to maintain the liquid velocity 
through the perforation within a suitable range. Unfor 
tunately, no variable opening apparatus has been devel 
oped which has become widely accepted by industry. 
An alternative method used commercially is to recircu 
late a portion of the treated liquid sufficient to provide 
the desired liquid flow rate. This has the disadvantages 
of increased utility costs and the dilution of the feed 
Stream. 

Processes for the extraction of mercaptans from a 
hydrocarbon stream by an alkaline solution which is 
subsequently subjected to a catalyzed oxidation are 
described in U.S. Pat. Nos. 2,853,432 (Cl. 196-32); 
2,921,020 (Cl. 208-205); 3,148,156; (Cl. 252-420); 
3,409,543 and 3,574,093 (Cl. 208-206). 

Processes for the separation of aromatic hydrocar 
bons are described in U.S. Pat. Nos. 3,721,620 (Cl. 
208-317); 2,773,918 and 3,862,254 (Cl. 260-674). Repre 
sentative processes utilizing a sulfolane type solvent are 
described in U.S. Pat. Nos. 3,361,664; 3,492,222 (Cl. 
208-321); 3,864,244 (Cl. 208-321) and 3,643,614 (Cl. 
208-321). 

BRIEF SUMMARY OF THE INVENTION 

The invention provides an apparatus and process 
capable of high efficiency solvent extraction during a 
wide variation in the rate of flow of the feed stream. 
The basic process of the invention comprises the steps 
of passing a feed stream and a solvent stream counter 
currently through an extraction zone, removing a first 
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2 
raffinate stream at an intermediate point of the extrac 
tion zone and a second raffinate stream at the solvent 
fed end of the extraction zone and admixing these two 
streams to form the product stream. The extraction 
trays used between the intermediate point and the sol 
vent-fed end of the extraction zone are designed for 
optimum efficiency at lower flow rates than the other 
trays used in the extraction zone. 
The apparatus of the invention comprises a vertical, 

cylindrical extraction column containing an upper and a 
lower plurality of extraction trays which differ in the 
amount of free area on their contacting areas, opera 
tively positioned inlet and outlet means for an incoming 
feed stream, an incoming solvent stream, a discharged 
extract stream, a first raffinate stream removed at the 
upper end of the extraction zone and a second raffinate 
stream removed at an intermediate point located be 
tween the upper and lower pluralities of extraction 
trays. 

DESCRIPTION OF THE DRAWING 

The drawing illustrates the preferred embodiment of 
both the process and the apparatus of the subject inven 
tion. The preferred embodiment of the process is a 
method of removing mercaptans from a hydrocarbon 
rich feed stream entering the process through line 1 at a 
variable rate of flow. This feed stream rises through a 
first plurality of vertically spaced apart perforated ex 
traction trays such as tray 17 located in a lower portion 
of a liquid-liquid extraction zone 2. There is effected in 
the extraction zone the transfer of mercaptans con 
tained in the feed stream into a descending alkaline 
caustic stream which enters the extraction zone through 
line 3 and preferably flows across the extraction tray 
and downward through downcomer means 23 before 
eventually exiting the extraction zone through line 4. 
The open portion of the column shows the perforations 
22 in the contacting area of a tray. 
A first portion of the treated hydrocarbon feed stream 

is removed at an intermediate point of the extraction 
zone through line 6 as a first raffinate stream at a rate 
controlled by flow control means 14. The remaining 
portion of the material entering in the hydrocarbon feed 
stream passes upward through a second upper plurality 
of perforated extraction trays illustrated by tray 18. 
Those trays located between drawoffline 6 and the top 
of the extraction zone may be described as low porosity 
trays, that is having a lower free area than the trays 
located below line 6. The remaining hydrocarbon mate 
rial is subjected to further extraction in the upper por 
tion of the extraction zone and then removed through 
line 5 as a second raffinate stream. The first and second 
raffinate streams are then admixed to form a product 
stream which leaves the process through line 7. The 
rate of flow of the product stream is monitored through 
a flow-measuring means 15 which generates a signal 
used by a controller 16 to adjust the operation of the 
flow control means 14. 
The alkaline stream traveling through line 4 contains 

the mercaptans removed from the feed stream and is 
admixed with an air stream entering through line 8 and 
then injected into an oxidation zone 9. In this zone, 
there is effected the catalytically promoted oxidation of 
the mercaptans to disulfides. The effluent of the oxida 
tion zone is then passed through line 10 into a separator 
11. The normal phase separation processes result in the 
formation of a vent gas stream carried by line 12 and 
containing the unused oxygen, water, nitrogen and light 



3 
hydrocarbons. The disulfide oils separate from the alka 
line solution and are removed through line 13. The 
denser caustic solution is removed through line 3 and 
recirculated to the top of the extraction zone. 
Those skilled in the art will recognize that this draw 

ing and description have been simplified for the pur 
poses of brevity and clarity of presentation of the inven 
tive concept. Various mechanical accessories and sub 
systems such as valves, pumps and control systems have 
not been illustrated. Those skilled in the art will also 
recognize that the inventive, concept may be practiced 
in many modified forms which depart from this specific 
illustration. 

DETAILED DESCRIPTION 

As previously pointed out, the use of liquid-liquid 
extraction is wide spread in the petroleum, petrochemi 
cal and chemical industries as a means of removing a 
preselected chemical compound from a mixture of hy 
drocarbons or a single hydrocarbon. As used herein the 
term liquid-liquid extraction is intended to be inter 
changeable with the term solvent extraction. Two of 
the most common commercial uses of solvent extraction 
are in the separation of aromatic hydrocarbons from 
nonaromatic hydrocarbons and for the extraction of 
mercaptans from a hydrocarbon mixture. In these pro 
cesses and generally in any other solvent extraction 
process, it is desired that the product stream remain at 
the same level of purity or concentration regardless of 
the flow rate of the feed stream. However, it often 
becomes necessary to vary the flow rate of the material 
being treated in the extraction zone, and it is therefore 
desirable that the extraction zone be capable of operat 
ing over a substantial range of feed stream flow rates. 
As the term "feed stream flow rate' or an expression 
such as "the flow rate through an extraction tray' is 
used herein, it is unless otherwise stated intended to 
refer to the rates at which the liquid stream passes 
through the perforations provided in the contacting 
area comprising the majority of the horizontal surface 
of the extraction tray and is not intended to refer to the 
flow rate of the stream which is passing through the 
downcomer or other liquid canals which are provided 
between the extraction trays. That is, any reference to a 
flow rate in regard to a specific tray does not refer to 
the liquid traveling horizontally either immediately 
below or above the tray. 

It is therefore an objective of the invention to provide 
a solvent extraction process wherein the purity of the 
product stream will remain relatively constant despite 
major changes in the flow rate of the feed stream. It is 
another objective of this invention to provide an appa 
ratus capable of delivering such uniform results without 
the utilization of complicated extraction tray structures 
or without the recycle of any product stream material. 
It is a further objective of the invention to provide a 
process for the separation of aromatic hydrocarbons 
from non-aromatic hydrocarbons. It is yet another ob 
jective of the invention to provide a process for the 
removal of mercaptans from a hydrocarbon feed 
Stream. 
These and other objectives are met by the provision 

of two sections of extraction trays, each designed for 
maximum efficiency at a different flow rate, within a 
single extraction zone and an intermediate product 
drawoff means located between the two sections. The 
inventive concept rests on the fact that in a liquid-liquid 
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extraction operation the efficiency of an extraction tray 

4. 
varies sharply with the velocity at which the liquid 
stream passes through the perforations in the tray. Fur 
ther, for any particular perforation configuration, the 
extraction efficiency reaches a peak at one particular 
velocity. Extraction trays can therefore be designed by 
prior art methods to deliver peak efficiency at any spe 
cific feed stream flow rate by adjusting the "free area' 
of the tray and therefore the velocity through each 
individual perforation. According to the inventive con 
cept the two sections of trays have different free areas, 
and the product stream is removed in two portions, one 
of which has passed through a section of trays operated 
at conditions which ensure efficient extraction. This has 
the effect of flattening the velocity efficiency curve for 
the entire extraction zone. 
The preferred outer structure of the apparatus is a 

vertical cylindrical extraction column having an en 
closed internal volume of similar configuration. Prefer 
ably this structure is adapted for use with a rising stream 
of hydrocarbon liquid which is fed into the bottom of 
the column and passes upward through the perforations 
in the trays. The upper portion of the column, a phrase 
which is intended to indicate the upper one-half of the 
column, will then contain a first plurality of trays 
adapted for optimum extraction efficiency at a lower 
hydrocarbon flow rate than a second plurality of trays 
located below them. The upper plurality, or section, of 
trays will therefore have a lower free area than the 
lower plurality. As used herein, the term free area refers 
to the total open area of all the perforations in the con 
tacting area of the tray. The trays are designed and 
vertically spaced for each particular service in accor 
dance with well known design procedures. For the 
extraction of mercaptans, the trays are normally spaced 
about 4 to 7 feet apart but smaller distances are usable in 
other applications. The perforations should be from - 
to 3-inch in diameter, and should be spread across the 
tray in a manner which ensures contact with the liquid 
phase traversing the tray. Preferably, the perforations 
are located in three or more rows perpendicular to the 
flow of this phase. 
The number and cross-sectional area of the perfora 

tions is the most important single consideration in ob 
taining efficient extraction since they determine the 
velocity through each individual perforation. Recom 
mended velocities are available in the literature for a 
number of systems. If no published value is available, an 
optimum velocity should be determined experimentally. 
The trays are preferably the perforated type rather than 
bubble cap trays and extend substantially horizontally 
across the internal volume of the column. In other en 
bodiments, the location of the extraction operation is 
referred to generically as the extraction zone. This term 
is intended to include such possible mechanical varia 
tions as the placement of the two sections of trays in 
separate vessels. 
The apparatus includes the customary inlet and outlet 

means for a feed stream, a solvent stream and an extract 
stream. Either the feed stream or the solvent stream 
may enter the top of the extraction zone as dictated by 
their relative densities. Likewise, either of these materi 
als may be the continuous phase which horizontally 
traverses the trays. Preferably, the feed stream enters 
the bottom of the column through a conduit which 
operatively communicates with the internal volume at a 
point below the bottommost tray. Likewise, the solvent 
stream is preferably fed onto the topmost tray of the 
column. The descending liquid is preferably guided 
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through the use of downcomer-like conduits. In their 
simplest form, these liquid transfer means may be com 
prised of a simple opening in the wall of the column 
through which the liquid may flow. The inlet means 
may however include distributors such as spray nozzles 
or arrays of perforated conduits, and outlet means may 
include mechanical collectors to trap one of the liquid 
phases. The flows through each of these may be inde 
pendently controlled by its own level sensors. The ap 
paratus also includes two means of removing a raffinate 
stream. The first is located at an intermediate point in 
the column just below the upper plurality of trays and 
preferably uses the lowest of these trays to trap the 
liquid it removes. The other raffinate outlet means will 
be located past the last tray downstream, always rela 
tive to the feed stream, of the intermediate point. 

In the preferred embodiment of the apparatus, the 
lower plurality of trays have a greater free area and are 
designed for maximum efficiency at the normal 
throughput of the extraction zone. While the upper 
plurality is designed for operation at significantly lower 
flow rates, which may be from 1/5 to 1/10 that of the 
lower plurality, it is preferably designed for a rate equal 
to about 30% of the normal throughput of the Zone. 
Further, this is preferably accomplished by decreasing 
the number of perforations in the upper plurality of 
trays rather than decreasing the size of the perforations. 
A large number of variations may be made to the basic 
structure described above, as designing the lower plu 
rality of extraction trays to afford maximum extraction 
efficiency at a greater rate of hydrocarbon flow by 
providing for a greater number of perforations of equal 
cross-sectional area. For instance, it is possible for the 
section of apparatus designed for a lower feed stream 
rate to be built with a small diameter to reduce con 
struction costs. It is also possible to construct an appara 
tus embodying the inventive concept which has three or 
more raffinate draw-off points and/or three or more 
sections of independently sized trays. 
The operation of the process of the invention may 

also vary. There are however two main modes of opera 
tion. In the first and preferred mode, two raffinate 
streams are removed from the extraction zone at all 
times. The rate of flow of the raffinate stream removed 
at the end of the extraction zone is kept relatively con 
stant at the design rate for the section of trays between 
this end and the intermediate point by adjusting the rate 
of removable of the other raffinate stream. That is, any 
decrease in the rate of flow of the feed stream will be 
reflected in a proportional decrease in the rate of flow 
of the other raffinate stream. This change may be de 
scribed as essentially equal if any volumetric difference 
resulting from the extraction operation performed on 
the feed stream is taken into account. This mode of 
operation may be controlled through measurement of 
the feed stream, the raffinate stream removed at the end 
of the extraction zone or the product stream formed by 
combining the two streams. The raffinate removed at 
the end of the extraction zone will be of a higher purity, 
that is more highly extracted, than the other stream due 
to the longer contact time. This is especially true at 
lower feed stream flow rates as the extraction efficiency 
in the first section of trays decreases. 
This more limited embodiment is applicable to all of 

the processes described hereinafter in greater detail. It 
may be described as a method of operating an extraction 
zone to which there is charged a feed stream comprising 
a mixture of hydrocarbons and having a variable flow 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
rate which comprises passing a solvent stream compris 
ing a solvent which is selective for a preselected chemi 
cal compound into a first end of a liquid-liquid extrac 
tion zone maintained at extraction conditions and 
through the extraction zone, passing the feed stream 
into a second end of the extraction zone and countercur 
rent to the solvent stream and effecting the transfer by 
extraction of the preselected chemical compound from 
the feed stream to the solvent stream, removing an 
extract stream comprising the solvent and the prese 
lected chemical compound from the second end of the 
extraction zone, removing a first raffinate stream char 
acterized by a lower concentration of the preselected 
chemical compound than the feed stream at an interme 
diate point of the extraction zone characterized by the 
presence of extraction trays designed for optimum ex 
traction efficiency at a first liquid flow rate between the 
intermediate point and the second end of the extraction 
zone and the presence of extraction trays designed for 
optimum extraction efficiency at a second, lower liquid 
flow rate between the intermediate point and the first 
end of extraction zone, the first raffinate stream being 
removed at a flow rate essentially equal to the differ 
ence between the variable rate of flow of the feed 
stream and the second, lower flow rate, removing a 
second raffinate stream characterized by a lower con 
centration of the preselected chemical compound than 
the first raffinate stream from the first end of the extrac 
tion zone at the second, lower flow rate, and admixing 
the first raffinate stream and the second raffinate stream 
and thereby effecting the formation of a product stream. 

In a second mode of operation, only the raffinate 
stream withdrawn at the intermediate point is with 
drawn when the feed stream enters at a flow rate close 
to the design rate for the first section of trays. The 
withdrawal of a raffinate stream at the end of the extrac 
tion zone is only begun when the flow rate of the feed 
stream decreases to a point where it is desirable to ob 
tain more efficient overall extraction in the zone. This 
second raffinate stream is then preferably withdrawn at 
the design rate for the second set of trays. 
One of the more widely used solvent extraction oper 

ations is the separation of aromatic hydrocarbons from 
nonaromatic hydrocarbons such as naphthenes and 
paraffins. This may be for the purpose of obtaining 
relatively pure portions of either class of hydrocarbons. 
This operation is often found in conjunction with frac 
tionation and extractive-distillation steps. An example 
of this is the process described in U.S. Pat. No. 
3,844,902. The feed stream will preferably have a lim 
ited boiling point range which limits the hydrocarbons 
to those having from about 6 to about 20 carbon atoms 
per molecule and more preferably from about 6 to 12 
carbon atoms. Suitable feed streams include a debuta 
nized reactor effluent from a catalytic reforming unit 
and a liquid by-product from a pyrolysis gasoline unit 
which has been hydrotreated for the saturation of ole 
fins and diolefins. 
At the heart of the extraction process is the use of a 

solvent which is selective for the preselected chemical 
compound which is to be removed from the feed 
stream. Besides having this property of selectivity, the 
solvent material must be substantially immiscible with 
the feed stream and differ in density. There are available 
and known to those skilled in the art a wide variety of 
materials which meet these general requirements. For 
instance, aromatic hydrocarbons may be extracted with 
diglycolamine, diethylene glycol, dipropylene glycol, 
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tetraethylene glycol or N-formylmorphaline, etc. These 
chemicals are usually admixed with water to form the 
actual solvent. More detailed information on these sol 
vents are contained in the articles appearing at page 91 
of the March, 1973 edition of Hydrocarbon Processing 5 
and at page 141 of the April, 1972 edition. 
A specifically preferred solvent for the separation of 

aromatics from nonaromatics is one of the sulfolane 
type as described in U.S. Pat. No. 3,652,452. The molec 
ular structure of sulfolane is a five-membered ring con- 10 
taining one sulfur atom and four carbon atoms, with 
two oxygen atoms bonded to the sulfur atom. Each 
carbon atom is bonded to a hydrogen atom and in addi 
tion is also bonded to a member of the group comprising 
a hydrogen atom, an alkyl group having from one to ten 15 
carbon atoms, an alkoxy radical having from one to 
eight carbon atoms, and an arylalkyl radical having 
from one to twelve carbon atoms. It is specifically pre 
ferred that the member of the above group bonded to 
each carbon atom is a hydrogen atom and that the sol- 20 
vent contain about 0.5 to 5% water by weight. The 
closely related solvents 2-sulfolene and 3-sulfolene may 
also be used. Yet another family of suitable compounds 
are the sultones described in U.S. Pat. No. 3,723,303. 
Adequate extraction is performed through the use of 25 

multistage countercurrent operation at suitable extrac 
tion conditions. When utilizing a sulfolane type solvent, 
these conditions include a pressure of from atmospheric 
to about 500 psig, preferably 50 to 150 psig, and a 
temperature of from about 80° F. to about 400' F., pref 30 
erably about 175 F. to about 300' F. These conditions 
are often set by very practical considerations. For in 
stance, the pressure must be sufficient to prevent either 
liquid phase from vaporizing and is often determined by 
an upstream or downstream unit on which the pressure 35 
in the extraction zone is allowed to "float'. Elevated 
temperatures normally increase the extraction capacity 
of the solvent but decrease its selectivity such that these 
effects must be balanced. The scope of the term extrac 
tion conditions may be broadened to include the pres- 40 
ence of an adequate amount of solvent in a well de 
signed extraction zone. Solvent quantities should be 
sufficient to dissolve substantially all of the aromatic 
hydrocarbons present in the extraction zone feed 
stream. Preferred are solvent to feed ratios, by volume, 45 
of about 2:1 to about 10:1. These factors are well devel 
oped in the art and are dependent on particular situa 
tions which makes an attempt at characterization for all 
solvent-feed systems impossible without undue com 
ment. 50 
Although the process of the invention is preferably 

performed with a perforated plate column, it may also 
be adapted to a packed column if the performance of the 
column reaches a sharp optimum at one particular feed 
stream charge rate. The inventive concept is also com- 55 
patible with other practices common to solvent extrac 
tion such as the use of reflux and purification of effluent 
streams by distillation. More detailed descriptions of 
these and other concomitant operation may be obtained 
by examination of such references as U.S. Pats. Nos. 60 
3,864,245; 3,721,620; 3,652,452; 3,642,614; 3,492,222; 
3,361,644 and 2,730,558. 
A broad characterization of the application of the 

inventive concept to a solvent extraction process for the 
separation of aromatic hydrocarbons from a non- 65 
aromatic containing feed stream includes the steps of 
passing a solvent stream comprising a solvent which is 
selective for aromatic hydrocarbons into a first end of a 

8 
liquid-liquid extraction zone maintained at extraction 
conditions and through the extraction zone, passing the 
feed stream into a second end of the extraction zone and 
countercurrent to the solvent stream and effecting the 
transfer by extraction of aromatic hydrocarbons into 
the solvent stream from the feed stream, removing a 
first raffinate stream characterized by a lower concen 
tration of aromatic hydrocarbons than the feed stream 
at an intermediate point of the extraction Zone charac 
terized by the presence of extraction trays designed for 
optimum extraction efficiency at a first liquid flow rate 
between the intermediate point and the second end of 
the extraction zone and the presence of extraction trays. 
designed for optimum extraction efficiency at a second, 
lower liquid flow rate between the intermediate point 
and the first end of the extraction zone, removing a 
second raffinate stream characterized by a lower con 
centration of aromatic hydrocarbons than the first raffi 
nate stream from the first end of the extraction zone, 
admixing the first raffinate stream and the second raffi 
nate stream and thereby effecting the formation of prod 
uct stream which is relatively paraffin-rich as compared 
to the feed stream and removing an extract stream com 
prising the solvent and aromatic hydrocarbons from the 
second end of the extraction zone. 
The preferred embodiment of the process involves 

the extraction of mercaptans from a hydrocarbon feed 
stream with an alkaline solution as is widely performed 
in the petroleum industry. This solution is then effec 
tively regenerated by the catalytically promoted oxida 
tion of the extracted mercaptans to disulfides which are 
separated by decantation. The invention may be em 
ployed with any alkaline reagent which is capable of 
extracting mercaptans from the feed stream at practical 
operating conditions and may be regenerated in the 
manner described. A preferred reagent comprises an 
aqueous solution of an alkaline metal hydroxide, such as 
sodium hydroxide or potassium hydroxide. Sodium 
hydroxide may be used in concentrations of from 1 to 50 
wt.%, with a preferred concentration range being from 
about 5 to about 25 wt.%. Optionally, there may be 
added an agent to increase the solubility of the mercap 
tans in the solution, typically methanol or ethanol al 
though others such as a phenol, cresol or butyric acid 
may be used. While it is preferred that the alkaline re 
agent is dissolved in water, it is possible to utilize other 
liquids including alcohols or ketones. 
Hydrocarbons suitable for mercaptan removal in the 

preferred embodiment vary from propane-butane mix 
tures to the middle distillates. Included in this range are 
streams derived from fluidized catalytic cracking plant 
gas condensation units, natural or cracked gasolines, jet 
fuels, fuel oils and kerosines and blends of these. The 
process may also be used to remove mercaptans from 
many solvents, alcohols, aldehydes, etc. In general, 
these materials may be classified as being normally liq 
uid hydrocarbonaceous compounds having boiling 
points under about 650 F. as determined by the stan 
dard ASTM distillation methods. 
The extraction conditions employed in the preferred 

embodiment may vary greatly depending on such fac 
tors as the nature of the hydrocarbon stream being 
treated and its mercaptain content, etc. In general, the 
extraction may be performed at an ambient temperature 
above about 60' F. and at a pressure sufficient to ensure 
liquid state operation. The pressure may range up to 
1000 psig, or more, but a pressure in the range of from 
about 50 psig, to about 150 psig, is preferred. This pres 
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sure range is chosen to ensure an adequate amount of 
oxygen is dissolved in the alkaline stream in the down 
stream oxidation step, which normally is operated sub 
stantially the same pressure after normal process flow 
pressure drops are taken into consideration. The tem 
perature in the extraction zone is confined within the 
range of 60' F. to about 250 F., preferably from 80' F. 
to 120 F. The ratio of the volume of the alkaline solu 
tion required per volume of the feed stream will vary 
depending on the mercaptain content of the feed stream. 
The flow rate of the alkaline solution may have from 
about 1 to about 100% of the flow rate of the hydrocar 
bon stream. Normally, the rate will equal about 2 to 3% 
of an LPG stream and up to about 20% of a C-5 or light 
straight run stream. Optimum extraction in this liquid 
system is obtained with a velocity through the perfora 
tions of from about 5 to about 10 feet per second. 
This extraction operation will effect the transfer of 

mercaptans into the alkaline solution, which then be 
comes the extract stream. The remainder of the feed 
becomes the raffinate and can be removed in either of 
the modes previously described. That is, at normal flow 
rates, it may be removed entirely at the intermediate 
point or it may be split into two separate raffinate 
streams which are then combined to form the product. 
Any raffinate stream removed at the end of the extrac 
tion zone will have a reduced concentration of mercap 
tans relative to the other raffinate stream because of its 
additional contact with the alkaline solution. 
The withdrawn mercaptan-containing alkaline solu 

tion is admixed with an oxidizing agent which is nor 
mally air although other oxygen-containing gases may 
be used. At least the stoichiometric amount of oxygen 
necessary to oxidize the mercaptans should be used. 
The oxidation is promoted through presence of a cata 
lytically effective amount of an oxidation catalyst capa 
ble of functioning at the conditions found in the oxidiz 
ing zone. Several suitable materials are known in the 
art. Preferred as a catalyst is a metal phthalocyanine 
such as cobalt phthalocyanine or iron phthalocyanine, 
etc. Higher catalytic activity may be obtained through 
the use of a polar derivative of the metal phthalocya 
nine, especially the monosulfo, disulfo, trisulfo, and 
tetrasulfo derivatives. 
The preferred oxidation catalysts may be utilized 

either in a form which is soluble or suspended in the 
alkaline solution or it may be placed on a solid carrier 
material. If the catalyst is present in the solution, it is 
preferably cobalt or vanadium phthalocyanine disulfo 
nate at a concentration of from about 5 to 1000 wt. ppm. 
Carrier materials should be highly absorptive and capa 
ble of withstanding the alkaline environment. Activated 
charcoals have been found very suitable for this pur 
pose, and either animal or vegetable charcoals may be 
used. The carrier material is to be suspended in a fixed 
bed which provides efficient circulation of the alkaline 
solution. Preferably the metal phthalocyanine com 
pound comprises about 0.1 to 2.0 wt.% of the final 
composite. More detailed information on liquid-phase 
catalysts and their usage may be obtained from U.S. Pat. 
Nos. 2,853,432 and 2,882,224. Likewise further informa 
tion on fixed bed operations is contained in U.S. Pat. 
Nos. 2,988,500; 3,108,081 and 3,148,156. The oxidation 
conditions utilized include a pressure of from atmo 
spheric to about 1000 psig, but preferably substantially 
the same as used in the extraction zone. The tempera 
ture may range from ambient to about 200" F. when 
operating near atmospheric pressure and to about 400 
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10 
F. when operating at superatmospheric pressures. In 
general, it is preferred that a temperature within the 
range of about 100 F. to about 175' F. is utilized. 
The effluent of the oxidation zone is passed into a 

phase separation zone and retained for a time sufficient 
to cause the formation of a hydrocarbon phase removed 
as a by-product and an aqueous phase which is recycled 
to the extraction zone. The alkaline reagent is concen 
trated in the aqueous phase, and the disulfide com 
pounds and any wash hydrocarbons form the hydrocar 
bon phase. The residence time is normally from about 
30 to 120 minutes and preferably about 90 minutes. It is 
desired that conditions within the phase separation Zone 
are similar to those in the extraction zone. Pressures 
from atmospheric to 150 psig, are preferred as are tem 
peratures within the range of about 60' F. to 250 F. 
Especially preferred are temperatures from 80' F. to 
120 F. The zone is preferably similar in shape to that 
illustrated and utilizes a coalescing means. Other de 
signs which function to provide the needed phase sepa 
ration may be substituted. 
The preferred embodiment of the process of the in 

vention may therefore be characterized as a continuous 
extraction process for the removal of mercaptans from 
a feed stream comprising a mixture of hydrocarbons 
having boiling points below 650 F. and extractable 
mercaptans which comprises the steps of passing a first 
liquid stream comprising water and an alkaline reagent 
into the top of a liquid-liquid extraction zone maintained 
at extraction conditions and downward through the 
extraction zone, passing the feed stream into the bottom 
of the extraction zone and upward countercurrent to 
the first liquid stream and effecting the transfer by ex 
traction of mercaptans from the feed stream to the first 
liquid stream, removing a first hydrocarbon stream 
comprising hydrocarbons having boiling points below 
650 F. at an intermediate point of the extraction zone 
characterized by presence of extraction trays at points 
below and above the intermediate point, the extraction 
trays located above the intermediate point being de 
signed for operation at lower rates of upward hydrocar 
bon passage than the extraction trays located below the 
intermediate point, removing a second hydrocarbon 
stream comprising hydrocarbons having boiling points 
above 650 F. from the top of the extraction zone, ad 
mixing the first hydrocarbon stream and the second 
hydrocarbon stream and thereby effecting the forma 
tion of a hydrocarbon product stream, removing a sec 
ond liquid stream comprising the alkaline reagent, 
water and mercaptans from the bottom of the extraction 
zone, and contacting a mixture comprising the second 
liquid stream and a first air stream with an oxidation 
catalyst at oxidation conditions effective to form an 
effluent stream comprising disulfide compounds, water 
and the alkaline reagent. 

I claim as my invention: 
1. An extraction column for the countercurrent con 

tacting of an upward flowing hydrocarbon feed stream, 
which passes through extracting trays, and a downward 
flowing aqueous stream, which passes through down 
comer means, comprising: 

a, a vertically orientated outer vessel having an en 
closed internal volume in the shape of a right-angle 
cylinder; 

b. a first plurality of vertically spaced apart extraction 
trays horizontally traversing the internal volume in 
an upper portion of the outer vessel and having 
contacting areas designed for maximum extraction 
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efficiency at a first rate of upward hydrocarbon number of uniform perforations being greater than 
flow, each of said plurality of said extraction trays said first number of uniform perforations; d. an inlet means for the aqueous stream operatively having a chordal downcomer means operatively communicating with the internal volume at the 
associated therewith, and each of said first plurality point above the first plurality of extraction trays; 
of extraction trays having a first number of uniform e. an inlet means for the hydrocarbon feed stream 
perforations of a preselected cross-sectional area operatively communicating with the internal vol 
distributed across the contacting area of said tray; ume at a point below the second plurality of extrac 

c. a second plurality of vertically spaced apart extrac- tion trays; 10 f. an outlet means for a liquid extract stream opera 
tively communicating with the internal volume at a 
point below the second plurality of extraction trays; 

tion trays horizontally traversing the internal vol 
ume below the first plurality of extraction trays and 
having contacting areas designed for maximum g. an outlet means for a first raffinate stream opera 
extraction efficiency at a second and greater rate of tively communicating with the internal volume at a 
upward hydrocarbon flow, each of said second 15 point above the first plurality of extraction trays; 
plurality of extraction trays having a chordal down- and, 
comer means operatively associated therewith, and h. an outlet eaS for 2. second raffinate stream mounted in operative relation to remove upward 
each of said second plurality of extraction trays rising hydrocarbons from the internal volume at a 
having a second number of uniform perforations of 20 point between the first plurality of extraction trays 
said preselected cross-sectional area distributed and the second plurality of extraction trays. 
across the contacting area of said tray, said second sk k k is sk 
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